[Abstract] Lignin is a complex phenolic polymer deposited in secondarily-thickened plant cell walls. The polymer is mainly derived from the three primary monolignols: p-coumaryl, coniferyl and sinapyl alcohol which give rise to p-hydroxyphenyl, guaiacyl and syringyl units (H, G and S units, respectively) when coupled into the polymer. The building blocks differ in their degree of methoxylation and their biosynthetic pathway is catalyzed by more than 10 enzymes. HCT plays a crucial role by channeling the phenylpropanoids towards the production of coniferyl and sinapyl alcohols. Interestingly, HCT has been reported to be implicated in the pathway both upstream and downstream of the 3-hydroxylation of the aromatic ring of p-coumaroyl shikimate (Figure 1 ) (Hoffmann et al., 2003; Hoffmann et al., 2004; Vanholme et al., 2013b) . These features highlight the importance of developing an assay to reliably measure HCT activity in planta. Here, we describe a UPLC-MS-based method for the analysis of HCT activity in xylem total protein extracts of Populus nigra, which can be adapted to other woody and herbaceous plant species. The protocol was initially described in Vanholme et al. 2013a . HCT converts it further to caffeoyl-CoA (second HCT-reaction).
3. Incubate the frozen stem segments on ice for a few minutes and make a small incision in the bark on one end of the segment. The bark can be easily pealed from the underlying tissue. Some part of the cambium can stick to the debarked stem, but can be easily removed by gently scrubbing the stem with a scalpel. Scrape the xylem tissue using a scalpel, making sure the scraped tissue is immediately collected in a precooled mortar (use liquid nitrogen to keep the material frozen during sampling).
4. Grind the scraped xylem tissue to a fine powder using a mortar and pestle.
5. For xylem total protein extraction, weigh ~100 mg of ground xylem tissue in a precooled 2-ml tube and add 1 ml of ice-cold protein extraction buffer. The composition of the protein extraction buffer is given as Recipe 1, at the end of the protocol. Divide this value by the volume of protein extract used in the assay to calculate the final concentration (in this case, we used 2 µl).
C. HCT activity assay
HCT activity is measured by the conversion of p-coumaroyl-CoA and shikimate into pcoumaroyl shikimate (Figure 1 ).
1. Prior to the preparation of enzymatic reactions, boil an aliquot of the xylem protein extract for 10 min, because the boiled protein extract will be used as negative control.
2. The reaction mix is prepared in 1.5-ml tubes and contains 100 mM Tris-HCl pH 7, 1 mM DTT, 100 µM p-coumaroyl-CoA, 100 µM shikimic acid and 10 µg xylem protein extract (Recipe 2). ., 2003) . Here, the specific conditions can differ depending on the equipment used. We present our in house conditions optimized to identify and quantify p-coumaroyl shikimate on a Waters Acquity UPLC system connected to a Thermo LTQ XL mass spectrometer.
Chromatographic separation is performed on an Acquity BEH C18 column (2.1 mm x 150 mm, 1.7 µm) using a gradient elution. 
